chi ldren with lVaS can develop a severe sensorineural hearing loss early in childhood, but they can be rehabilitated with hearing aids to continue their regular studies and to have a normal life. the problem is that they can deteriorate their hearing capacity, and at this point a cochlear implant can be used to preserve their hearing skills and vocalization. Aim: to evaluate the hearing skills of 3 children with lVaS referred to cochlear implants. Material: retrospective study based on medical charts' review. Results: Speech recognition in open field: patient 1, 80%; patient 2, 87.5%; patient 3, 4 %. Conclusion: children with lVaS are considered good candidates for cochlear implant surgery by the most important centers of the world because most of them can develop good speech recognition, providing them a good social life.
INTRODUCTION
the vestibular aqueduct is a bony canal within the temporal bone, which goes from the medial wall of the inner ear vestibule all the way to the posterior surface of the petrous bone pyramid. the endolymphatic duct crosses the vestibular aqueduct and ends in the endolymphatic sac. During embryogenesis, the vestibular aqueduct starts as a long and narrow vestibular diverticulum. a development defect before the diverticulum starts to narrow, on the fifth week of gestation, results in an enlarged vestibular aqueduct. 1 in 1978, Valvassori and clemis identified 50 cases of enlarged vestibular aqueduct in a retrospective study of 3,700 patients who were submitted to temporal bone ct scan in order to study inner ear structures. a vestibular aqueduct is considered enlarged when its antero-posterior diameter is equal to 1.5mm. these authors were the first to use the definition of Enlarged Vestibular aqueduct Syndrome (EVaS). Since this time, many studies were carried out in order to better characterize the syndrome and found that 59% to 94% of the cases were bilateral; 60% to 66% of the patients are female, and sensorineural hearing loss is progressive in 46% to 65% of the patients. [1] [2] [3] [4] [5] [6] 13, 15 the enlarged vestibular aqueduct may happen as an isolated anomaly or in association with other inner ear malformations. the most common is the enlargement of the horizontal semi-circular canal, 60% to 66%, and cochlear hypoplasia, 28% 7 . the pathophysiology of this sensorineural hearing loss caused by an enlargement of the vestibular aqueduct is still unknown. two things may happen, the first suggests a rupture of the labyrinthine membrane or perilymphatic fistula, resulting in a direct transmission of the cerebrospinal fluid pressure to the middle cochlear turn through the endolymphatic duct and enlarged vestibular aqueduct, and the second suggests a hyperosmolar fluid reflux to the cochlea coming from the endolymphatic sac. More recent studies have mapped the hearing loss associated with the enlarged vestibular aqueduct in the region of chromosome 7q31, however, its clinical meaning still requires more investigation. 1, 12, 15 children with EVaS may have moderate to severe hearing deficiencies during their early stages of childhood, however their residual hearing allows them to develop oral language with conventional hearing aids and may be completely integrated to regular school conditions. nonetheless, these children have a worsening in their hearing skills with time and cochlear implants are being offered as an option to keep their hearing and oral communication skills in proper levels 4 . this study reports the experience of treating 3 patients with enlarged aqueduct syndrome with cochlear implants.
MATERIALS AND METHODS
this study was analyzed and approved by the Ethics in research with human Beings committee of the hrac/ uSp under protocol # 158/2007-SVapEpE-cEp.
We carried out a retrospective study to identify all the patients using cochlear implants in our population and were pre-operatively diagnosed with enlarged vestibular aqueducts. So far, 504 cochlear implant surgeries have been performed and only 3 (0.6%) of these patients were diagnosed with enlarged vestibular aqueduct through ct scan and Mri, a much lower number when compared to what has been found in other large centers.
radiology exams were carried out under sedation with 20% chloral hydrate. ct scans were carried out in a spiral Elscint twin device, with 0.5mm axial sections, with later axial plane reconstruction (figure 1). the vestibular aqueduct was considered enlarged when its antero-posterior diameter was equal to or greater than 1.5mm (figure 2).
Mri exams were carried out in phillips devices with 1.0 tesla magnetic fields, following the protocol for patients eligible to receive the cochlear implant:
flair sequence for the encephalon. turbo SpinEcho (tSE) sequence, axial plane, t1 weighed images of the posterior fossa (figure 3)
Mip sequence, with submillimeter cross-sections (0.6mm) in the axial and sagittal planes, t2 weighed images, to evaluate the membranous labyrinth and the Vii and Viii cranial nerves.
Mip 3D reconstruction (figure 6). 
RESULTS
the cochlear implant was done through a transmastoid approach, with posterior tympanotomy and a 2.0mm cochleostomy made in a right angle with the stapes tendon. We had no gusher during cochleostomy, however there was some pulsating oozing of perilymphatic/cerebro-spinal fluid. in all cases the active electrodes were inserted without difficulties, we achieved complete insertion, and the cochlea was sealed with fragments of temporal muscle fascia. patient number 1 was male, pre-lingual, and was implanted at 6 years and 5 months of age on the left side.
he received a nucleus cochlear implant, model ci24rSt (cochlear corp. Englewood, co). he had an enlarged vestibular aqueduct and hyperplasic cochlea in the image exam.
patient 02 was female, post-lingual, and was implanted at the age of 5 years and 9 months, on the right side. She received a nucleus, ci24rSt (cochlear corp. Englewood, co) implant, and did not have other malformations seen in her image exams.
patient 03 was also a female, pre-lingual, and was implanted at 6 years and 1 month of age, and she was reimplanted three years later, because of a failure in the internal device. She was implanted and reimplanted on the right side and received a MedEl, model c40+ short (MedEl, innsbruck, austria) cochlear implant both times, and she did not have other malformations visible in her image exams.
all patients used conventional hearing aids for at least 6 months after the implant and had bilateral enlarged vestibular aqueduct.
audiometric evaluation for each patient included pure tone recordings without the hearing aid, 6 months of hearing aid use and 1 year after the implant (table 1) .
by Wilson et al. as a means to control the progressive hearing loss; however, its results could not be repeated in other studies 1, 15 . Some few studies have considered the use of a cochlear implant as an option for the patient with EVaS, if bearers of severe-profound or profound sensorineural hearing loss. harker et al. reported 5 pediatric patients with EVaS, who were implanted and presented excellent results in speech detection. he did not find gusher in any of the surgical procedures. Bent et al. reported a case of 10 patients with EVaS, who received cochlear implant. they noticed a small perilymph pulsating oozing caused by cochleostomy in 5 patients, which were easily controlled with the use of temporal muscle fascia. Seven of the eight children who had already been implanted some time before improved in word recognition in an open setting. Myamoto et al. implanted 23 patients with EVaS, 9 children and 14 adults. he reported gusher in 5 of these patients, however there were no difficulties in inserting electrodes in these patients and the cochleostomy was sealed with a fragment of temporal muscle fascia. this study also found benefits for patients with EVaS 1 . these results, as well as our experience, consider the cochlear implant surgery to be safe in patients with enlarged vestibular aqueduct and a complete insertion of electrodes is doable. Despite the oozing of perilymph during cochleostomy being somewhat common, it is easily controlled by sealing it with a fragment of temporal muscle fascia. Searching for the association of other malformations with the enlarged vestibular aqueduct and the diameter of the vestibular aqueduct were not relevant in predicting gusher during surgery. 6 in regards of developing speech skills, there is a marked difference between the many types of inner ear malformations. unanimously, all cochlear implant centers that have performed surgery in children with inner ear malformations report that those with cochlear dysplasia, enlarged vestibular aqueduct and dilated vestibule, in other words, Mondini's malformation and, especially, those with EVaS are the ones that have the greatest gains in their development with cochlear implants in terms of word recognition and speech 6, 14 . We must also stress that the results are even better in those patients whose hearing loss was installed in the post-lingual phase. as it can be seen with our patients, the post-lingual children had a faster speech perception development when compared to those that had an earlier installed hearing loss. currently, patients 1 and 2 are evolving very well, and in speech recognition tests present good results in the open setting and most of them can use the telephone in their daily lives. patient 03 did not do well and other clinical syndromes are being investigated.
Based on the audiometric evaluation of these patients and their speech perception, we can see that these tests from Delgado (8), gaSp (9) and ling's sounds (10) were used to assess speech perception. patient # 1 had 80% word recognition, in open settings, patient # 2 had 87.5% in open settings and patient # 3 had word recognition of 4% in open settings, ling's sound detection was equal to 100%, with phoneme /a/ discrimination equal to 50%, phoneme /i/ equal to 0% and phoneme /u/ equal to 0% in a closed setting.
DISCUSSION
the Enlarged Vestibular aqueduct Syndrome (EVaS) represented a treatment challenge for physicians who treated these patients, because of the lack of a protocol able to efficiently prevent the progression of hearing loss in them. conservative measures such as education to avoid head injuries and barotrauma or pressure fluctuations and treatment with steroids in cases of sudden hearing loss have yielded some success. Endolymphatic sac surgeries were carried out in patients with progressive congenital impairment, however were not considered efficient. Endolymphatic sac obliteration was also described are children with great potential to develop speech perception in an open setting, phonemes and phrases, and this allows them to go to regular schools and have a normal social development. When we notice a low development, we must bear in mind that the enlarged vestibular aqueduct is present in other syndromes such as the pendred and the otobrachiorenal syndromes 13 , which impair their neurological development and prevent the children to develop their skills to their maximum.
the major doubt still lies in defining the ideal time for surgery, because hearing loss can behave in different ways such as progressive, sudden or fluctuating, the assessment of these patients require a thorough follow up 11 . the children's hospital implant center in Sydney, australia 4 , considers a patient with enlarged vestibular aqueduct eligible for the cochlear implant when the hearing impairment is evident, even using the best hearing aids available, if the periods of inadequate hearing start to impair the child's school performance or if the patient has more than 3 episodes of hearing deterioration in 1 year 4 . We believe the parameters necessary to assess whether or not a patient is eligible for receiving a cochlear implant in cases of enlarged vestibular aqueduct depend on a careful evaluation from a multidisciplinary team, thus, we do not establish specific criteria for this statement.
CONCLUSION
patients with enlarged vestibular aqueduct are considered eligible for receiving cochlear implants by the major cochlear implant centers in the world, because most of them develop good audiometric and speech recognition performances, and this provides them better social participation.
nonetheless, we stress that it is important, besides image studies, to investigate the presence of other syndromes that may follow that of the enlarged vestibular aqueduct.
